Abstract This conventional literature review discusses whether pathological tooth wear is age dependant. It briefly reviews the components of tooth wear and the prevalence of tooth wear in children, adolescents and adults. The emphasis on terminology relating to tooth wear varies. In some countries, the role of erosion is considered the most important, whereas others consider the process to be a combination of erosion, attrition and abrasion often with one being more dominant. The importance of tooth wear or erosion indices in the assessment and the evidence for progression within subject and within lesions is described. The data from the few studies reporting pathological levels of wear reported in children and adults are discussed, in particular its relationship with age. There is little evidence to support the concept that pathological levels of erosion or wear are age dependant. There is, however, some evidence to suggest that normal levels of erosion or wear are age dependant.
Introduction
There has been considerable interest recently on the epidemiology and pathogenesis of dental erosion. Much of the epidemiology has been investigated in children and adolescents rather than adults and so the validity of any association between severity and age is based on clinical observations seen primarily in these young people [1, 3, 7, 17] . The aim of this paper is to consider and investigate the concept that pathological erosive tooth wear is age dependant.
There is some debate within the dental academic community on the appropriateness of terminology. Many academics recognise the term tooth wear as encompassing erosion, attrition and abrasion. However, other researchers focus upon acid erosion often using the term to describe what others would call tooth wear and use the term erosion in a context which others might not agree. Whilst the definitions of erosion, abrasion and attrition are accepted, the relative importance of these causes is not. Therefore, in this paper both terms are used where appropriate to convey meaning interpreted by many researchers working in this field. some laboratory studies, there is little clinical evidence to provide support for its role [9] .
However, different countries interpret the aetiologies in different ways [8] . Many European countries focus attention upon erosive tooth wear, whereas in North American countries, abrasion or attrition is more commonly recognised whilst the role of erosion is less understood. In the United Kingdom, although the importance of erosion is acknowledged, the impact of abrasion and attrition is also recognised, and the term tooth wear is more commonly used. When interpreting studies from different parts of the world, some consideration of these subtle differences should be understood. The major difference seems to be the impact of attrition. For many clinical situations, the impact of wear on the teeth is a combination of attrition and erosion particularly on the incisal or occlusal surfaces of teeth ( Figs. 1 and 2 ) [10] . On the buccal or lingual surfaces, erosion is usually more dominant, but the impact of abrasion should not be forgotten. Since it is almost impossible to tell from the appearance of a lesion what is the underlying cause, it maybe more correct to use the term tooth wear. But there are circumstances in which one cause, more commonly erosion, is the dominant feature. Although the definitions of tooth wear and erosion are quite different, they can often be used to describe the same process.
Prevalence
Tooth wear indices grade the severity of wear by recording the surface characteristics of teeth with a numerical score. These data can be used to compare wear rates between individuals and between different populations. However, there is currently no agreed consensus on a universally accepted tooth wear index. Some indices [20, 24] appear to be more widely used than others, but even these have undergone many modifications since they were first published [22] . For the most part, indices record wear on all tooth surfaces: cervical, buccal, occlusal/incisal and palatal/lingual [24] . The Smith and Knight index [24] records wear on all surfaces, but no attempt is made to relate the aetiology to the outcome of the wear on the teeth. Smith and Knight and later Robb and Smith estimated acceptable levels of wear in each age cohort [23, 25] .
For the majority of the population, any wear on teeth is often limited to enamel, and dentine involvement only occurs in a relatively small proportion of the population [25] . A study by Dugmore and Rock [17] reported that 59.7% of 1,753 12-year-old children had evidence of tooth wear of which 2.7% had exposed dentine and this rose to 8.9% by the age of 14 years. Another study by Bardsley et al. [3] reported that 53% of 2,385 14-year-old adolescents had exposed dentine, but this included assessment of incisal surfaces. This latter study reported higher values in contrast to most other studies [1, 7] . From most of these studies, it is clear that in children and adolescents wear of enamel is common, almost normal, but wear of dentine exposing more than 1/3 of the tooth surface is less so.
Smith and Robb observed that tooth wear in adults was an almost universal experience with up to 97% of all ages experiencing some wear on their teeth with the older aged cohorts, dentine exposure became more common [25] . In their study, Smith and Robb [25] identified that between 5-7% of 1,007 adults had wear that could justify treatment, in all age cohorts. This is the only study published to date, with a large sample, which provides data on tooth wear in all age groups in adults. Other studies have reported the levels in specific age cohorts [20] ; Donachie and Walls [14] reported the degree of tooth wear in a sample of 586 adults aged 45 and over in Newcastle, UK and reported no correlation between severity of wear and age. The data Fig. 1 The wear on the occlusal/incisal surfaces of the upper anterior teeth. The wear is caused by a combination of erosion and attrition. The "cupped out or ditched" areas result from the action of acids, whereas the flatter surfaces are caused by attrition Fig. 2 The wear on the palatal/lingual surfaces of the teeth has been caused by regurgitation erosion. It is unlikely that abrasion or attrition has contributed to the process available to guide our knowledge on the levels of tooth wear in adults are therefore limited.
Progression of tooth wear
The term pathological tooth wear has been used to describe unacceptable levels of wear [18, 23, 25] . It is usually interpreted as meaning a level of wear that could justify operative treatment. However, finding a scientific way to interpret this concept is challenging. For pathological tooth wear to have meaning, the normal levels in different age groups are required to allow comparison, but the basic information on the pathogenesis of tooth wear is unknown. For instance, it is not known if tooth wear is episodic or continual throughout life. A few authors have reported data from longitudinal studies on adolescents and adults that indicate the development of new lesions [16, 19] . Lussi et al. [20] reported the results of a prevalence study on 26-30-and 46-50-year-old Swiss adults. In a later study, the same group of researchers reported the progression of wear in the same subjects over a 6-year period [19] and observed that wear progressed on the facial, occlusal and cervical surfaces and was more common in the older aged groups. However, the authors made no attempt to define what level of tooth wear was acceptable and what was not. Other studies have reported increase in the incidence of tooth wear in adolescents [16] , but longitudinal data remain sparse.
There are no studies that report the progression of the same lesion within the same subject apart from one study which used a tooth wear index to record wear on study models taken from the subject's teeth [5] . They observed that only 7% of tooth surfaces showed any change over a median time of 26 months (IQR 14-50 months). The paucity of data on the severity of tooth wear in different age groups and its progression means it is difficult to be able to predict what is the pathophysiological behaviour of tooth wear.
A number of authors have published methods to measure tooth wear and erosion using profilometric scanners to accurately map teeth [2, 13, 21, 28] . But these methods have reported their findings on relatively small numbers, and the methods are as yet unsuitable for larger studies. Often the time needed to scan a single tooth can take up to one hour and therefore they remain research tools for small studies. However, data from these studies suggest that wear on teeth may progress between 3.7 μm at 6 months [6] and 5.56 μm/month [21] to 18.3 μm/month [28] . There are no data to indicate if particular teeth or tooth surfaces have a greater potential to wear or whether abrasion, attrition or erosion is more important in the progression. Furthermore, correlating this rather limited data to the general population is not possible, and therefore, most researchers rely upon epidemiological studies to record the severity of wear.
Pathological tooth wear
The concept that an unacceptable level of wear for a particular age group was first proposed by Eccles, Smith and others [18, 23, 25] . These and other authors argued that tooth wear continued throughout life as it was part of a normal physiological process. Berry and Poole [11, 12] hypothesised that in common with other mammals, humans have compensatory mechanisms that adapt to wear of teeth. They based their argument on comparative anatomy of mammals, in particular large herbivores, and suggested that tooth wear was beneficial to the efficiency of mastication. A gradual reduction in height and shape of cusps on molar teeth, they argued, led to improved masticatory efficiency. Their hypothesis remains unique and unproven but raises a number of interesting concepts.
Smith and coworkers [23, 27] introduced the term unacceptable levels of wear and later re-termed it as pathological tooth wear. The authors estimated unacceptable levels of wear based on their clinical judgement. Their so-called threshold levels were calculated for different age groups and used as an indicator for the necessity of operative intervention. However, these thresholds were judgements made by the authors, albeit based on clinical experience and previous research [25] . Smith and Robb [25] reported in their paper that the ultimate decision on the threshold values was the clinical experience of the first author. The data were analysed and re-analysed until the results matched the clinical judgement of the authors. Whilst this empirical assessment may have had some value at the time of publication, the ability to reproduce agreed thresholds in subsequent investigations would be challenging and have not been wholeheartedly supported by other researchers. Donachie and Walls [15] argued strongly that the threshold levels set for older age groups were inaccurate as they were based on a relatively small sample and so in their 1996 paper modified values were used [25] .
We cannot rely upon the clinical judgement of one or two researchers to define what are pathological levels of tooth wear. Scientists need to have more defined and reproducible values. There are emerging data to suggest that tooth wear is common in all age groups [3, 17, 20, 25] . Smith and Robb [25] reported in their study of 1,007 subjects, aged 16 and over, that within each age cohort a proportion had higher grades of tooth wear [mean 5.1%] than the others. Virtually every other study on the prevalence of tooth wear also reports that a small proportion, generally between 2% and 10%, have higher levels of tooth wear than the majority. If these data are representative of the population at large, it is possible that a percentage of each age cohort has higher than normal levels of wear and this could be termed pathological.
The hypothesis that pathological tooth wear is age related depends on who is assessing the impact. State health care authorities, private insurance schemes, industry, dentists and patients all have different interpretations on what is pathological and what is not. For patients, loss of enamel could be considered pathological particularly if they are focussed upon the appearance of their teeth, whereas dentists may consider intervention is needed when dentine is involved, but their capacity to treat is affected by the limitations of restorative materials. On the other hand, state health care providers may take a much longer term view, with the assumption that a tooth remains functional, if not aesthetic, when operative care is not imperative.
Based on the current data, it is too challenging to suggest that tooth wear is an age-related phenomenon. There is some justification to this hypothesis based on the current data from children, adolescents and adults. Clinical experience suggests that as adults age they tend to develop more wear on the occlusal and incisal surfaces of teeth. It is likely, therefore, that some progression of wear on teeth is age related. However, this assumption needs investigating. Evidence partly from prevalence studies and partly from accurate measurement of tooth wear by profilometry tends to give support to this hypothesis. It must be remembered, however, that the prevalence studies at best report on just over 1,000 subjects. This is extremely small considering the populations involved. Tooth wear indices remain the most convenient and reproducible method to grade severity but are limited by incompatible criteria. It is imperative that a consensus is developed to build a simple and reproducible index, used by researchers so that data on the prevalence of tooth wear, particularly in adults, can be investigated.
Conclusion
The physiological wear of teeth is probably an age-related phenomenon. As the teeth continue to function and be challenged by erosive, attritive and abrasive factors, there will be change to the surfaces of teeth. This is most commonly seen on the incisal edges of the upper and lower incisors. As the challenges continue throughout life, it is not surprising therefore to see, as reported in Smith and Robb's study, that most people have some evidence of wear [25] . Therefore, small changes or evidence of gradual wear throughout life is probably a feature of the ageing of the dentition.
When pathological levels of wear are considered, the situation is less clear. There are insufficient data from epidemiological studies on adults to be definitive. But where data are present, it suggests similar proportions of severe levels of wear are observed in each age group, and it could be argued that this was independent of age [3, 17, 25] . It seems, therefore, that although tooth wear is an agedependant phenomenon, severe tooth wear is not.
